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CCAAbstract Physico-chemical parameters play a major role in determining the density, diversity and
occurrence of phytoplankton in a headwater stream. The present study was conducted to assess the
relationship between physico-chemical parameters and phytoplankton assemblages of Baldi stream
of Garhwal Himalayas, India. Results showed an increased concentration in physico-chemical
parameters (turbidity, total dissolved solids, nitrates and phosphates) has an adverse impact on
the density of phytoplankton during monsoon season at the sampling site S2, where maximum
disturbances were recorded. Karl Pearson’s correlation coefficient calculated between physico-
chemical parameters and density of phytoplankton revealed that as sediment load increases in
the stream, the growth of phytoplankton decreases. Canonical Correspondence Analysis (CCA)
between environmental variables and dominant taxa of phytoplankton indicated the influence of
physico-chemical parameters on phytoplankton distribution in freshwater ecosystem of Baldi
stream of Garhwal Himalayas, India.
 2015 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Headwater streams are important freshwater ecosystems of the
Himalayas. These freshwater ecosystems are nurseries of pri-
mary production due to high clarity of water. A minor change
in physico-chemical parameters can influence the primary pro-
duction (Sharma et al., 2007).Phytoplankton are vital and important organisms which act
as producer to the primary food supply in any aquatic ecosys-
tem. They are the initial biological components from which the
energy is transferred to higher organisms through food chain
(Tiwari and Chauhan, 2006; Saifullah et al., 2014). The
physico-chemical parameters are the major factors that control
the dynamics and structure of the phytoplankton of aquatic
ecosystem (Hulyal and Kaliwal, 2009). Changes in physico-
chemical parameters of ecosystems have a substantial impact
on the species that live within them. Seasonal variations in
these parameters have an important role in the distribution,
periodicity and quantitative and qualitative composition of
freshwater biota.
12 R.C. Sharma et al.Several recent studies on physico-chemical parameters and
phytoplankton community of rivers are conducted on the
Greater Zab River, Iraq (Ali, 2010), River Haraz, Iran
(Jafari et al., 2011), Imo River, Nigeria (Ogbuagu and
Ayoade, 2012), River Thames, UK (Waylett et al., 2013),
and Kenti River, Republic of Karelia (Chekryzheva, 2014).
In North India, many recent studies have been conducted.
These were focussed on the Chandrabhaga River (Sharma
et al., 2007), Yamuna River (Chopra et al., 2012), Ganga River
and its tributaries (Negi et al., 2012), Sutlej River (Sharma
et al., 2013) and Jhelum River (Hafiz et al., 2014). However,
no study has been conducted on physico-chemical parameters
and phytoplankton composition of head water stream Baldi of
Garhwal Himalayas. Therefore, the present study aims to
determine the influence of physico-chemical parameters on
phytoplankton composition of Baldi, the headwater stream
ecosystem, which is prone to anthropogenic pressures.
Materials and methods
The head water stream Baldi is one of the important tributaries
of the Song River flowing in Doon Valley of the Garhwal
Himalayas. It lies in the coordinates of 30 230 N; 78 080 E
in Raipur Block of Dehradun district of Uttarakhand state,
India. The Baldi meets the Song River at Maldevta (Dehra-
dun) after covering a distance of 14 km (Fig. 1). Three sam-
pling sites on the Baldi stream were chosen on the basis of
level of anthropogenic pressures. The upstream site S1 (undis-
turbed site), the midstream site S2 (highly disturbed site) and
the downstream site S3 (least disturbed site) were identified.
Discharge of municipal waste water, use of soap and deter-
gents for bathing and washing clothes, dumping of solid waste
by tourists and locals were the common anthropogenic distur-
bances recorded at S2, whereas only occasional washing of
clothes was recorded at S3. Monthly sampling was undertaken
between 08:00 to 10:00 a.m. from the depth of 10 to 20 cm
during November 2011–October 2012, representing three
seasons (winter season = November–February; summer
season =March–June; monsoon season = July–October).
Five replicates of samples were obtained for each parameter
and the results were integrated and recorded.
Water temperature, turbidity and pH were measured in-situ
using the centigrade (0–110 C) thermometer, Metzer Digital
Turbidity Meter (Model-5D1M) and Toshcon Multiparameter
Analyser, respectively. Dissolved oxygen, total dissolved solids
(TDS), alkalinity, Calcium, Magnesium, hardness, nitrates,
phosphates, Sodium and Potassium were analysed by using
standard methods (Wetzel and Likens, 1991; APHA, 2005).
For phytoplankton analysis, one litre of sample water was
collected and filtered through silk plankton net of mesh size
20 lm and was immediately preserved in opaque sample bot-
tles containing 4% formalin solution for analyses by using
the Sedgwick Rafter counting cell. Results were recorded in
individuals per litre (ind. L1). Reimer (1962) method was fol-
lowed to process the samples for light microscopy. The identi-
fication of phytoplankton was made with the help of Sarode
and Kamat (1984), Ward and Whipple (1992), Munshi et al.
(2010) and Bellinger and Sigee (2010).
The Karl Pearson’s correlation coefficient was performed
using Microsoft Excel 2007 to determine the relationship
among the various physico-chemical attributes and differentphytoplankton assemblages. Canonical Correspondence Anal-
ysis (CCA) was performed using Palaeontological STatistics
(PAST) Software Version 3.06 to determine relationship
between dominant phytoplankton taxa and physico-chemical
parameters. Dominant phytoplankton species were selected
on the basis of density (individuals L1). The species having
more than 250 individuals L1 annually were taken for analy-
sis. The length of arrow is relative to the importance of the
explanatory variable in the ordination, and arrow direction
indicates positive and negative correlations (Jasprica et al.,
2012; Laskar and Gupta, 2013).
Results and discussion
Monitoring the physico-chemical parameters is very important
for studying the influence of these parameters on the distribu-
tion of various components of biodiversity in headwater
stream (Sharma et al., 2007). Water quality is influenced by
geological, hydrological, climatic and anthropogenic factors
(Boon et al., 1992; Bartram and Balance, 1996). The
physico-chemical parameters of water of Baldi stream have
been presented in Table 1. Water temperature is considered
as one of the important factors that controls aquatic life in a
headwater stream (Wetzel, 1983). The lowest water tempera-
ture was recorded (10.95 C) in winter season at S1 and highest
(15.03 C) in summer season at S3 in Baldi stream.
Maximum turbidity (52.58 NTU) was recorded at S2 and
minimum (40.49 NTU) at S1 in the Baldi stream. Higher tur-
bidity (95.23 NTU) was recorded at S2 during in July–August
(monsoon season) and a low turbidity (10.00 NTU) during
January–February (winter season) in the Baldi stream. Similar
findings were reported from the Chandrabhaga River in Garh-
wal Himalayas (Sharma et al., 2007) and Sutlej River of Hima-
chal Pradesh (Jindal and Sharma, 2011). Maximum
concentration (226.75 mg L1) of total dissolved solids was
found in monsoon season at S2 and minimum (45.00 mg L
1)
at S1 the winter season.
Dissolved oxygen, is an important environmental parame-
ter that decides ecological health of a stream and protects
aquatic life (Chang, 2002). On annual average basis, maximum
(8.56 mg L1) dissolved oxygen was recorded at S1 and mini-
mum (7.09 mg L1) at S2. High dissolved oxygen was recorded
during winter season at all the sites. It may be due to high pho-
tosynthetic rate of phytoplankton communities in clear water
that results in higher values of dissolved oxygen (Sharma
and Rathore, 2000; Ravindra et al., 2003). Higher dissolved
oxygen in winter season and lower oxygen in monsoon were
also recorded in Haraz River in Iran (Pejman et al., 2009),
many rivers of Gangetic plain, India (Rani et al., 2011) and
several rivers of the Central Himalayas including the Chan-
drabhaga River (Sharma et al., 2007) and the Tons River
(Sharma et al., 2009).
The higher value (7.76) of pH was recorded at S1 (Table 1)
as, this site is rich in limestone rocks. The presence of lime-
stone rocks results in higher pH (Ormerod et al., 1990). Alka-
line water promotes high primary productivity (Kumar and
Prabhahar, 2012). The water of Baldi stream was alkaline in
nature throughout the study period. Alkaline nature of water
was also reported in Greater Zab River, Iraq (Ali, 2010). Alka-
linity (20–200 mg L1) is common in most of the fresh water
ecosystems (Ishaq and Khan, 2013). Maximum alkalinity
Figure 1 Location map showing selected study sites.
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(55.39 mg L1) at S3 in Baldi stream. This may be due to the
presence of high amount of carbonate rocks at S1 as compared
to S2 and S3. Natural water is mostly alkaline in nature due to
the presence of carbonates in sufficient quantities (Todd,
1995).
Maximum (165.33 mg L1) hardness was observed at S1
and minimum (150.56 mg L1) at S3 (Table 1). The values
of total hardness recorded in the Baldi stream were more
than the prescribed standard (100 mg L1) of World Health
Organization (WHO). The high values of hardness recorded
during winter season in the Baldi stream may be attributed
to the increased mobilization of hardness causing elements
like Calcium and Magnesium to be released from the sub-
surface ground waters having higher hardness (USEPA,
2000; Badrakh et al., 2008). Higher values of hardness
were also reported in Haraz River, Iran (Jafari et al.,
2011). The concentration of Calcium ranged from
68.33 mg L1 (S1) to 60.35 mg L
1 (S3) in the Baldi stream.
As compared to Calcium concentration, a low concentra-
tion of Magnesium was observed in Baldi stream. Similar
findings were reported from the Haraz River, Iran (Jafari
et al., 2011).
Maximum concentration (0.090 mg L1) of nitrates was
recorded at S2 and minimum (0.073 mg L
1) at S1 in Baldistream (Table 1). It may due to maximum anthropogenic activ-
ities at S2. High levels of nitrates showed the effect of high
anthropogenic activities and agricultural runoffs (Kannel
et al., 2007). Seasonally, maximum concentrations of nitrates
were observed during monsoon, when headwater stream Baldi
was flooded and received high amount of debris from the
watershed. Maximum concentrations of Phosphates were
recorded (0.054 mg L1) in monsoon season and minimum
(0.026 mg L1) in winter season under the present study. Sim-
ilar findings were reported from rivers Tons River (Sharma
et al., 2009), Ghagra and Gandak Rivers (Rani et al., 2011)
and Rapti River (Kushwaha and Agrahari, 2014). The pres-
ence of high concentrations of phosphates in Baldi stream at
S2 may be due to maximum anthropogenic activities at this
site.
No specific variation was recorded in the concentration of
Potassium at all three sites in head water stream Baldi
(Table 1). Maximum (10.36 mg L1) concentration of Sodium
was recorded at S2 and minimum (9.50 mg L
1) at S1 (Table 1).
Weathering of rocks is very common in lower stretches of
upper Ganges which results in addition of Sodium and Potas-
sium in aquatic bodies (Sharma, 2014). Thus, the overall trend
of physico-chemical parameters in the study area revealed that
the sampling site S2 is most degraded while, the better water
quality persists at S1.
Table 1 Mean seasonal and annual mean (based on monthly variation) of physico-chemical attributes in headwater stream Baldi from
November 2011 to October 2012.
Season Winter Summer Monsoon Annual mean
Parameters Sites Mean SD Mean SD Mean SD Mean SD
Water temperature (C) S1 10.95 1.30 14.63 0.842 14.50 1.47 13.36 2.10
S2 11.10 1.26 14.80 0.849 14.73 1.44 13.54 2.11
S3 11.33 1.26 15.03 0.974 15.00 1.50 13.78 2.15
Turbidity (NTU) S1 10.00 10.46 33.55 18.54 77.93 20.096 40.49 33.15
S2 17.00 11.49 45.20 20.67 95.23 17.560 52.48 37.12
S3 12.75 11.41 38.90 19.99 84.08 18.246 45.24 34.38
TDS (mg L1) S1 45.00 13.52 81.38 41.39 192.75 46.764 106.38 73.64
S2 63.75 14.10 106.98 53.50 226.75 44.709 132.49 81.03
S3 55.00 15.81 96.40 48.54 205.75 43.177 119.05 75.04
pH S1 7.69 0.03 7.77 0.05 7.83 0.053 7.76 0.07
S2 7.63 0.05 7.70 0.05 7.75 0.085 7.69 0.08
S3 7.66 0.04 7.73 0.05 7.79 0.064 7.73 0.07
Dissolved oxygen (mg L1) S1 9.83 0.48 8.48 0.98 7.37 0.867 8.56 1.28
S2 8.02 0.42 7.15 0.61 6.12 0.808 7.09 1.00
S3 8.84 0.30 7.72 0.71 6.80 0.769 7.79 1.04
Alkalinity (mg L1) S1 51.23 11.51 67.18 16.65 84.53 10.536 67.64 18.54
S2 46.08 7.75 61.75 15.63 72.75 12.539 60.19 16.02
S3 42.05 8.39 56.10 13.49 68.03 13.610 55.39 15.56
Calcium (mg L1) S1 76.5 8.06 66 10.33 50.5 8.7 68.33 13.85
S2 72.25 6.95 62 9.93 45.5 9.68 64.92 14.07
S3 64.50 9.54 57.50 7.59 41.50 8.103 60.35 12.63
Hardness (mg L1) S1 171.25 10.31 151.25 12.31 110.5 16.82 165.33 29.06
S2 160.25 9.32 143.50 12.48 109.50 16.76 156.42 29.31
S3 157.25 16.92 140.75 12.04 104.25 18.118 150.56 28.86
Magnesium (mg L1) S1 44.75 4.43 35.25 2.22 28 9.83 45.08 16.36
S2 40 4 31.5 5 24 8.45 38.56 16.36
S3 36.75 7.80 27.25 9.54 22.75 11.955 32.15 17.44
Nitrates (mg L1) S1 0.060 0.00 0.076 0.01 0.083 0.013 0.073 0.013
S2 0.076 0.00 0.095 0.01 0.100 0.013 0.090 0.014
S3 0.066 0.00 0.084 0.01 0.087 0.013 0.079 0.013
Phosphates (mg L1) S1 0.026 0.01 0.046 0.02 0.059 0.013 0.044 0.019
S2 0.040 0.01 0.054 0.02 0.068 0.012 0.054 0.017
S3 0.035 0.01 0.049 0.02 0.063 0.011 0.049 0.017
Sodium (mg L1) S1 10.28 0.39 8.68 0.52 9.55 0.858 9.50 0.88
S2 10.64 0.52 10.60 0.07 9.85 0.342 10.36 0.50
S3 9.56 0.16 10.06 0.23 10.24 0.125 9.95 0.34
Potassium (mg L1) S1 3.50 0.22 4.13 0.45 4.12 0.093 3.91 0.40
S2 3.69 0.36 3.86 0.41 4.40 0.137 3.98 0.43
S3 3.55 0.34 3.81 0.10 4.48 0.119 3.95 0.45
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Thirty-four species of phytoplankton were recorded in the
Baldi stream represented by three major groups, Bacillario-
phyceae (20 species), Chlorophyceae (10 species) and Cyano-
phyceae (4 species). Maximum density (984 individuals L1)
of phytoplankton was observed at S1 and minimum (553 indi-
viduals L1) at S2 (Fig. 2). Maximum density of phytoplank-
ton was recorded during winter months (January–February)
in Baldi stream. It starts declining from March onwards and
attains lowest ebb during July–August (monsoon months).
Again phytoplankton showed an increase in their density inpost monsoon season and attains peak in winter season
(Fig. 3). Sharma et al. (2007) also reported high density of phy-
toplankton during winter months in Chandrabhaga River,
Garhwal Himalayas. The environmental health of a particular
aquatic ecosystem depends upon spatial–temporal distribu-
tion, species composition, relative abundance and biomass of
phytoplankton (Khattak et al., 2005). It was revealed from
the present study that phytoplankton abundance showed the
same trend between different sites while, phytoplankton
compositions were different at all the three sites. This may
be due to variations in water quality between different sites
(Pattrick, 1977).
Figure 2 Major group and density of phytoplankton (annual mean) at different study sites.
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Bacillariophyceae has been recorded as the most dominant
group followed by Chlorophyceae and Cyanophyceae in the
Baldi stream. It contributed 71% to the total phytoplankton
population of Baldi stream while, Chlorophyceae and
Cyanophyceae contributed 21% and 8%, respectively. Hafiz
et al. (2014) also recorded Bacillariophyceae as the dominant
group over other groups in the Jhelum River in Kashmir
Himalayas. Bacillariophyceae was also recorded as the domi-
nant group in the Imo River, Nigeria (Ogbuagu and Ayoade,
2012), Kenti River, Republic of Karelia (Chekryzheva, 2014)
and Greater Zab River, Iraq (Ali, 2010). The study area of
Baldi stream is rich in calcareous rocks which favour growth
of Bacillariophyceae. Pearsall (1924) and Pattrick (1977) sug-
gested that calcium carbonates–bicarbonates promote growth
of Bacillariophyceae.
A total of 20 species of Bacillariophyceae were recorded
from the Baldi stream. The dominant species were Cymbella
aequalis, Diatoma vulgaris, Fragilaria pinnata, Fragilaria arcus,
Frustulia rhomboides, Gomphonema geminatum, Gomphonema
longiceps, Navicula confervacea, Navicula radiosa, Nitzschia
diversa, Nitzschia denticula, Pinnularia sp., Cocconeis sp. and
Achnanthes afflinis. Density of Bacillariophyceae was found
to be maximum (712 individuals L1) during winter months
at S1 and minimum (374 individuals L
1) at S2 during mon-
soon months (Fig. 2) calculated on annual mean basis. Similar
findings were reported from the River Ganga and its tribu-
taries in the Garhwal Himalayas (Negi et al., 2012) and Chan-
drabhaga River of Garhwal Himalayas (Sharma et al., 2007).
This may due to maximum environmental degradation in Baldi
stream during monsoon season and less turbid water enhances
photosynthesis during winter season resulting in high
growth. Due to their short regeneration time and sensitive
behaviour towards ecological characteristics, Bacillario-
phyceae can be used as bio-indicators for water quality evalu-
ation (Stevenson and Pan, 1999; Goma et al., 2005).
Chlorophyceae
The second most abundant group of phytoplankton recorded
during the present study was Chlorophyceae. It contributes
21% of the total phytoplankton population. A total of 10species of Chlorophyceae were recorded from the Baldi stream.
Cladophora glomerata, Hydrodictyon sp., Microspora amoena,
Spirogyra sp. and Chlorococcum humicola were found to be
the dominant species. Maximum (224 individuals L1) density
was recorded at S1 followed by moderate (162 individuals L
1)
density at S3 and minimum (101 individuals L
1) at S2 (Fig. 2).
High density of Chlorophyceae was recorded during winter
season (January–February) and low density during monsoon
season (July–August) at all the three sites. It may be due to
low water velocity, high dissolved oxygen and utilization of
nutrients during winter season in Baldi stream. Tiwari and
Chauhan (2006) also reported maximum abundance of
Chlorophyceae during winter season in Kitham Lake, Agra,
India.
Cyanophyceae
The Cyanophyceae contributes only 8% to the total phyto-
plankton population of Baldi stream. Maximum density
(78 individuals L1) of Cyanophyceae was recorded at S2
and minimum (48 individuals L1) at S1 in Baldi stream
(Fig. 2). A total of four species (Anabaena ambigua, Nostoc
sp., Phormidium sp., Oscillatoria tenuis) were recorded. The
distribution of Cyanophyceae depends upon nutrient (nitrates
and phosphates) availability (Smith, 1983). Cyanophyceae was
found as the dominant group at S2, where highest concentra-
tions of nitrates and phosphates were found as compared to
S1 and S3 (Table 1). High turbidity and TDS favour growth
of Cyanophyceae (Harsha and Malammanavar, 2004). The
presence of high density of Cyanophyceae indicates high pollu-
tion load and nutrient rich condition (Muhammad et al., 2005;
Tas and Gonulol, 2007).
Correlation between physico-chemical parameters and
phytoplankton
Canonical Correspondence Analysis (CCA)
Canonical Correspondence Analysis (CCA) method was used
to determine the relationships between phytoplankton and
environmental variables. The arrow length indicates the
importance of variable and shows positive or negative
correlations with axis (Abrantes et al., 2006; Liu et al.,
Figure 3 Monthly and seasonal distribution of phytoplankton at three study sites of head water stream Baldi from November 2011 to
October 2012.
16 R.C. Sharma et al.2010). Percentages of variance and Eigen values of each site in
axis 1 were found to be higher than axis 2 (Table 2). Similar
findings were reported by Liu et al. (2010).
At the sampling site S1, CCA has been drawn between 13
physico-chemical parameters and 25 dominant species of phy-
toplankton (Fig. 4) Eigen value for axis 1 (0.020) explained
36.89% correlation and axis 2 (0.012) explained 22.36% corre-
lation between physico-chemical parameters and dominant
species of phytoplankton. Alkalinity, pH and dissolved oxygen
indicate close relationship with phytoplankton community
which shows high productivity at S1. Pinnularia sp. and D. vul-
garis were positively correlated with axis 1. Pinnularia sp.,Spirogyra sp., Tabellaria fenestris, Achnanthes lanceolata
and Nodularia sp. indicated positive correlation with
alkalinity, dissolved oxygen and pH. However, F. pinnata
and Coconneis sp. showed positive relationship with nitrates,
water temperature and Potassium. The distribution of
Cyclotella sp. was found to be least affected by these
physico-chemical parameters.
At S2, 13 physico-chemical parameters and 6 dominant spe-
cies of phytoplankton were taken into consideration to draw
CCA (Fig. 5). As, the sampling site S2 was the most disturbed
site only a few phytoplankton species were able to grow at this
site. At axis 1, Eigen value (0.029) explained 70.12% and Eigen
Table 2 CCA biplot scores of physico-chemical parameters at three sites of headwater stream Baldi from November 2011 to October
2012.
S1 S2 S3
Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2
Water temperature WT 0.680 0.346 0.707 0.092 0.690 0.291
Turbidity Tu 0.944 0.184 0.684 0.496 0.909 0.054
TDS TD 0.967 0.121 0.774 0.381 0.926 0.091
pH 0.722 0.148 0.831 0.160 0.925 0.015
Dissolved oxygen DO 0.932 0.096 0.788 0.289 0.845 0.083
Alkalinity Al 0.896 0.083 0.776 0.051 0.807 0.179
Calcium Ca 0.867 0.154 0.642 0.475 0.846 0.119
Magnesium Mg 0.882 0.124 0.540 0.689 0.788 0.308
Hardness Ha 0.897 0.141 0.601 0.600 0.838 0.219
Nitrates Ni 0.866 0.411 0.945 0.002 0.829 0.475
Phosphates Ph 0.632 0.077 0.710 0.042 0.063 0.224
Sodium Na 0.524 0.718 0.658 0.391 0.786 0.153
Potassium K 0.514 0.153 0.365 0.345 0.673 0.416
Eigen value 0.0201 0.0122 0.029 0.007 0.029 0.013
Percentage of variance 36.89 22.36 70.12 17.42 49.81 22.13
Figure 4 CCA biplot at site 1 between physico-chemical parameters and phytoplankton species (Dominant phytoplankton species: CA:
Cymbella aequalis, DA: Diatoma vulgaris, FP: Fragilaria pinnata, FA: Fragilaria arcus, FR: Frustulia rhomboides, GG: Gomphonema
geminatum, GL: Gomphonema longiceps, NC: Navicula confervacea, NR: Navicula radiosa, ND: Nitzschia diversa, NiD: Nitzschia denticula,
P: Pinnularia sp., C: Cocconeis sp., AO: Achnanthes afflinis, AC: Achnanthes lanceolata, No: Nodularia sp., Cy: Cyclotella sp., MC:
Meridion circulare, TF: Tabellaria fenestris, SU: Synedra ulna, CG: Cladophora glomerata, H: Hydrodictyon sp., MA:Microspora amoena,
S: Spirogyra sp., CH: Chlorococcum humicola).
The influence of physico-chemical parameters on phytoplankton distribution 17value of axis 2 (0.007) explained 17.42% correlation between
physico-chemical parameters and dominant phytoplankton
species. Pinnularia sp. and N. diversa showed positive correla-
tion with axis 1 which indicates the effect of Potassium, turbid-
ity, TDS, nitrates, phosphates and water temperature on their
distribution. The close relationship between pH, hardness and
alkalinity showed the alkaline nature of water. It may be due
to presence of calcareous nature of rocks present in the study
area. F. pinnata distribution was affected by Calcium, Magne-
sium, Sodium and dissolved oxygen, as, it has strong relation-
ship with these parameters. F. pinnata showed a different
correlation with physico-chemical parameters at S2 as com-
pared to S1. This may be due to maximum disturbances atS2 which results in habitat destruction of this species. The pres-
ence of high density of A. ambigua and Nostoc sp. at S2 indi-
cated highly polluted nature of this site. These species have
more tolerance power than other species and are known as pol-
lution indicator (Kumari et al., 2008).
At S3, CCA has been drawn between 13 physico-chemical
parameters and 18 dominant phytoplankton species (Fig. 6).
Eigen value of axis 1 (0.029) explained 49.81% relationship
between environmental parameters and phytoplankton com-
munity. Whereas, Eigen value of axis 2 (0.013) explained
22.13% relationship. Synedra ulna, A. lanceolata, Nodularia
sp., T. fenestris and Pinnularia sp. showed positive correlation
with axis 1 and their distribution is affected by dissolved
Figure 5 CCA biplot at site 2 between physico-chemical parameters and phytoplankton species (Dominant phytoplankton species: ND:
Nitzschia diversa, FP: Fragilaria pinnata, NR: Navicula radiosa, P: Pinnularia sp., AA: Anabaena ambigua, No: Nostoc sp.).
18 R.C. Sharma et al.oxygen and alkalinity. F. pinnata showed positive correlation
with nitrates, Sodium and water temperature. The presence
of A. ambigua at S3 indicated some disturbance at this site.
Magnesium, Calcium and hardness showed positive correla-
tion with axis 2 which indicates an effect of ions in headwater
stream. The correlation analysis was found almost similar at S1
and S3. This shows a recovery of water quality at S3. From the
CCA plots, it was revealed that distribution of phytoplankton
community in headwater stream Baldi depends on the
physico-chemical parameters.Figure 6 CCA biplot at site 3 between physico-chemical parameters
Cymbella aequalis, DA: Diatoma vulgaris, FP: Fragilaria pinnata, FA: F
ND: Nitzschia diversa, NiD: Nitzschia denticula, P: Pinnularia sp., AA
Cy: Cyclotella sp., TF: Tabellaria fenestris, SU: Synedra ulna, S: SpiroKarl Pearson’s correlation coefficient
Karl Pearson’s correlation coefficients calculated between var-
ious physico-chemical attributes and density of phytoplankton
dwelling the Baldi stream have been presented in Table 3.
Water temperature has positive correlation (r= 0.837,
p< 0.05) with pH. pH in water governs chemical and biolog-
ical processes, whereas temperature in water governs the avail-
ability of oxygen (Kowalkowski et al., 2006). TDS has positive
correlation with temperature (r= 0.705, p< 0.05) in the Baldiand phytoplankton species (Dominant phytoplankton species: CA:
ragilaria arcus, GL: Gomphonema longiceps, NR: Navicula radiosa,
: Achnanthes afflinis, AL: Achnanthes lanceolata, N: Nodularia sp.
gyra sp., CH: Chlorococcum humicola, AM: Anabaena ambigua).
Table 3 Pearson’s correlation coefficient between physico-chemical parameters, dominant groups of phytoplankton and phytoplankton density in headwater stream Baldi from
November 2011 to October 2012.
WT Tu TDS pH DO Alk Ca Har Mg Ni Phos Na K Ba Chl Cy TDP
WT 1.000
Tu 0.769 1.000
TDS 0.705 0.986 1.000
pH 0.837 0.933 0.897 1.000
DO 0.835 0.962 0.947 0.954 1.000
Al 0.840 0.934 0.916 0.969 0.977 1.000
Ca 0.763 0.973 0.949 0.953 0.958 0.959 1.000
Har 0.693 0.968 0.946 0.873 0.929 0.876 0.961 1.000
Mg 0.594 0.907 0.889 0.757 0.850 0.757 0.873 0.974 1.000
Ni 0.827 0.835 0.829 0.887 0.912 0.875 0.815 0.768 0.685 1.000
Ph 0.825 0.909 0.893 0.936 0.971 0.987 0.928 0.860 0.755 0.864 1.000
Na 0.636 0.531 0.513 0.726 0.666 0.662 0.579 0.479 0.370 0.842 0.629 1.000
K 0.799 0.866 0.806 0.765 0.832 0.803 0.843 0.871 0.843 0.618 0.811 0.254 1.000
Ba 0.866 0.911 0.873 0.943 0.961 0.977 0.934 0.864 0.756 0.819 0.967 0.611 0.856 1.000
Chl 0.857 0.923 0.882 0.942 0.962 0.972 0.939 0.883 0.785 0.810 0.965 0.595 0.874 0.996 1.000
Cy 0.800 0.892 0.851 0.900 0.930 0.940 0.911 0.869 0.785 0.736 0.945 0.531 0.872 0.978 0.988 1.000
TDP 0.860 0.914 0.876 0.941 0.961 0.975 0.935 0.871 0.768 0.811 0.966 0.602 0.864 0.999 0.999 0.984 1.000
Correlation significant at p< 0.05.
Abbreviations: WT: Water temperature, Tu: Turbidity, TDS: Total dissolved solids, pH, DO: Dissolved oxygen, Al: Alkalinity, Ca: Calcium, Mg: Magnesium, Ha: Hardness, Ni: Nitrates, Ph:
Phosphates, Na: Sodium, K: Potassium, Ba: Bacillariophyceae, Chl: Chlorophyceae, Cy: Cyanophyceae, TDP: Total phytoplankton density (annual average).
Bold significant values show high correlation.
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20 R.C. Sharma et al.stream. Similar findings were reported from Tyne River, South
Africa (Sibanda et al., 2013). Factors controlling phytoplank-
tonic growth include light, water temperature, water current,
substrate and water chemistry (Hynes, 1971; Whitton, 1975;
Biggs, 1996). Density of Bacillariophyceae has negative correla-
tion with water temperature (r= 0.866, p< 0.05). Similar
relationship was also reported in Tungabhadra River (Suresh
et al., 2013). Growth of phytoplankton composition is governed
by the temperature (Rajkumar et al., 2009; Singh, 1960).
Turbidity is the detrimental factor which limits the growth of
phytoplankton (Hynes, 1971; Sharma et al., 2007). Turbidity
has negative correlation with density of Bacillariophyceae
(r= 0.911, p< 0.05), Chlorophyceae (r= 0.923,
p< 0.05) and Cyanophyceae (r= 0.892, p< 0.05) during
the present study. Nitrates have negative correlation with
Chlorophyceae. (r= 0.810, p< 0.05) and Bacillariophyceae
(r= 0.819, p< 0.05). Phosphates also have negative correla-
tion with the density of Chlorophyceae (r= 0.965, p< 0.05)
and Bacillariophyceae (r= 0.967, p< 0.05). Similar correla-
tion was also reported from Tungabhadra River (Suresh
et al., 2013). The abundance and composition of phytoplankton
communities are controlled by available nutrients and light
(Reynolds, 2006; Altman and Paerl, 2012; Basu and Pick, 1997).
Conclusion
This paper summarizes the monthly and seasonal variations of
physico-chemical parameters and their influences on phyto-
plankton community of headwater stream Baldi with an explo-
ration statistical data output. Upper stretch of head water
stream was less polluted with high diversity of phytoplankton.
However, the S2 (middle stretch) was influenced by maximum
disturbances reflected in terms of high values of TDS, turbidity
and nutrients (nitrates and phosphates), low DO concentration
and minimum density of phytoplankton. A considerable recov-
ery in the water quality and density of phytoplankton in lower
stretch (S3) has been recorded. The overall study provides a
base line data on the prevailing condition of the of headwater
ecosystem of the Baldi stream.Conflict of interest
We declare that we have no conflict of interest.
Acknowledgement
The authors express sincere thanks to University Grant Com-
mission, New Delhi and Hemvati Nandan Bahuguna Garhwal
University for financial support in the form of Central Univer-
sity fellowship to Ms. Neetu Singh and Ms. Anita Chauhan,
the co-authors.
References
Abrantes, N., Antunes, S.C., Pereira, M.J., Goncalves, F., 2006.
Seasonal succession of cladocerans and phytoplankton and their
interactions in a shallow eutrophic lake (Lake Vela, Portugal). Acta
Oecol. 29, 54–64.
Ali, A.L., 2010. Seasonal variation in physico-chemical properties and
zooplankton biomass in Greater Zab River – Iraq. Jordan J. Biol.
Sci. 3, 115–120.Altman, J.C., Paerl, H.W., 2012. Composition of inorganic and
organic nutrient sources influences phytoplankton community
structure in the New River Estuary, North Carolina. Aquat. Ecol.
46, 269–282.
APHA, 2005. American Public Health Association, Standard Methods
for the Examination of Water and Waste Water. American Public
Health Association, Washington, DC, pp. 1–1368.
Badrakh, A., Chultemdorji, T., Tserendorj, T., Vanya, D., Dalaijamts,
C., Hagan, R., Govind, S., Shinee, E., 2008. A study of the quality
and hygienic conditions of spring water in Mongolia. J. Water
Health 6, 141–148.
Bartram, J., Balance, R., 1996. Water Quality Monitoring—A
Practical Guide to the Design and Implementation of Freshwater
Quality Studies and Monitoring Programmes. UNEP and WHO,
Geneva.
Basu, B.K., Pick, F.R., 1997. Phytoplankton and zooplankton
development in a lowland river. J. Plankton Res. 19, 237–253.
Bellinger, E.G., Sigee, D.C., 2010. Freshwater Algae (Identification
and Use as Bioindicators). Wiley–Blackwell, pp. 1–243.
Biggs, B.J.F., 1996. Patterns in benthic algae of streams. In: Stevenson,
R.J., Bothwell, M.L., Lowe, R.L. (Eds.), Algal Ecology: Freshwa-
ter Benthic Ecosystem. Academic Press, New York, pp. 31–56.
Boon, J., Calow, P., Petts, G.E., 1992. River Conservation and
Management. Wiley, Chichester.
Chang, H., 2002. Spatial and temporal variations of water quality in
the river and its tributaries, Seoul, Korea, 1993–2002. Water Air
Soil Pollut. 161, 267–284.
Chekryzheva, T.A., 2014. Anthropogenic changes in phytoplankton in
lakes of the Kenti River System (Republic of Karelia). Water
Resour. 41, 431–438.
Chopra, G., Bhatnagar, A., Malhotra, P., 2012. Limnochemical
characteristics of river Yamuna in Yamunanagar, Haryana, India.
Int. J. Water Resour. Environ. Eng. 4, 97–104.
Goma, J., Rimet, F., Cambra, J., Hoffmann, L., Ector, L., 2005.
Diatom communities and water quality assessment in Mountain
Rivers of the upper Segre basin (La Cerdanya, Oriental Pyrenees).
Hydrobiology 551, 209–225.
Hafiz, B.Z., Pandit, A.K., Shah, J.A., 2014. Phytoplankton community
of river Jhelum in Kashmir Himalaya. J. Environ. Sci. Technol. 7,
326–336.
Harsha, T.S., Malammanavar, S.G., 2004. Assessment of phytoplank-
ton density in relation to environmental variables in Gopalaswamy
pond at Chitradurga, Karnataka. J. Environ. Biol. 25, 113–116.
Hulyal, S.B., Kaliwal, B.B., 2009. Dynamics of phytoplankton in
relation to physico-chemical factors of Almatti reservoir of Bijapur
district, Karnataka State. Environ. Monit. Assess. 153, 45–59.
Hynes, H.B.N., 1971. The Ecology of Running Waters. Liverpool
University, Press Liverpool, pp. 1–555.
Ishaq, F., Khan, A., 2013. Aquatic biodiversity as an ecological
indicator for water quality criteria of river Yamuna in Doon
Valley, Uttarakhand, India. World J. Fish Mar. Sci. 5, 322–334.
Jafari, N., Nabavi, S.M., Akhavan, M., 2011. Ecological investigation
of zooplankton abundance in the river Haraz Northeast Iran: impact
of environmental variables. Arch. Biol. Sci. Belgrade 63, 785–798.
Jasprica, N., Caric, M., Krsˇinic, F., Batistic, M., Njire, J., 2012.
Planktonic diatoms and their environment in the lower Neretva
River estuary (Eastern Adriatic Sea, NE Mediterranean). Nova
Hedwigia Beiheft 141, 405–430.
Jindal, R., Sharma, C., 2011. Studies on water quality of Sutlej River
around Ludhiana with reference to physicochemical parameters.
Environ. Monit. Assess. 174, 417–425.
Kannel, P.R., Lee, S., Lee, Y.S., Kanel, S.R., Pelletier, G.J., 2007.
Application of automated QUAL2Kw for water quality modeling
and management in the Bagmati River, Nepal. Ecol. Modell. 202,
503–517.
Khattak, T.M., Bhatti, N., Murtaza, G., 2005. Evaluation of algae
from the effluent of Dandot Cement Company, Dandot, Pakistan.
J. Appl. Sci. Environ. Manage. 9, 147–149.
The influence of physico-chemical parameters on phytoplankton distribution 21Kowalkowski, T., Zbytniewski, R., Szpejna, J., Buszewski, B., 2006.
Application of chemometrics in river water classification. Water
Res. 40, 744–752.
Kushwaha, V.B., Agrahari, M., 2014. Effect of domestic sewage on
zooplankton community in river Rapti at Gorakhpur, India. World
J. Zool. 9, 86–92.
Kumar, M.P., Prabhahar, C., 2012. Physico-chemical parameters of
river water: a review. Int. J. Pharm. Biol. Arch. 3, 1304–1312.
Kumari, P., Dhads, S., Chaudhari, P.R., Wate, S.R., 2008. A
biomonitoring of plankton to assess quality of water in the lakes
of Nagpur City. In: Sengupta, M., Dalwani, R. (Eds.), Proceeding
of Taal 2007: The 12th Lake Conference, pp. 160–164.
Laskar, H.S., Gupta, S., 2013. Phytoplankton community and
limnology of Chatla floodplain wetland of Barak Valley, Assam,
North Eastern India. Knowl. Manage. Aquat. Ecosyst. (411)
Liu, C., Liu, L., Shen, H., 2010. Seasonal variations of phytoplankton
community structure in relation to physico-chemical factors in
Lake Baiyangdian, China. Procedia Environ. Sci. 2, 1622–1631.
Muhammad, A., Salam, A., Sumayya, I., Tasveer, Z.B., Qureshi, K.
A., 2005. Studies on monthly variations in biological and physico-
chemical parameters of brackish water fish pond, Muzaffargarh,
Pakistan. J. Res. (Sci.) 16, 27–38.
Munshi, J.D., Roy, S.P., Munshi, J.S., 2010. Manual of Freshwater
Biota. Narendra Publishing House, Delhi, India, pp. 1–435.
Negi, R.K., Joshi, P.C., Negi, T., 2012. Seasonal variation and species
composition of phytoplankton in Ganga River and its tributary at
Garhwal region, Uttarakhand, India. Int. J. Environ. Ecol. Family
Urban Stud. 2, 24–30.
Ogbuagu, D.H., Ayoade, A.A., 2012. Seasonal dynamics in plankton
abundance and diversity of a freshwater body in Etche, Nigeria.
Environ. Nat. Resour. Res. 2, 48–59.
Ormerod, S.J., Weatherley, N.S., Merrett, W.J., Gee, A.S., 1990.
Restoring acidified streams in upland Wales: a modelling compar-
ison of the chemical and biological effects of liming and reduced
sulphate deposition. Environ. Pollut. 64, 67–85.
Pattrick, R., 1977. Ecology of freshwater diatoms-diatom communi-
ties. In: Werner, D. (Ed.), . In: The Biology of Diatoms. Botanical
Monographs, vol. 13. University of California Press, pp. 284–332.
Pearsall, W.H., 1924. Phytoplankton and environment in the English
Lake District. Rev. Algol. 1, 53–67.
Pejman, A.H., Bidhendi, G.R.N., Karbassi, A.R., Mehrdadi, N.,
Esmaeili, M.B., 2009. Evaluation of spatial and seasonal variations
in surface water quality using multivariate statistical techniques.
Int. J. Environ. Sci. Technol. 6, 467–476.
Rajkumar, M.P., Perumal, A.V., Prabu, N.V., Perumal, K.T.,
Rajeskar, 2009. Phytoplankton diversity in Pichavaram mangrove
waters from South–East coast of India. J. Environ. Biol. 30, 489–
498.
Rani, N., Sinha, R.K., Prasad, K., Kedia, D.K., 2011. Assessment of
temporal variation in water quality of some important rivers in
middle Gangetic plains, India. Environ. Monit. Assess. 174, 401–
415.
Ravindra, K., Ameena, Meenakshi, Monika, Rani, Kaushik, A., 2003.
Seasonal variations in physicochemical characteristics of river
Yamuna in Haryana and its ecological best designated use. J.
Environ. Monit. 5, 419–426.
Reimer, C.W., 1962. Some aspects of the diatom flora of Cabin Creek
Raised Bog, Randolph Co., Indiana. Proc. Indian Acad. Sci. 71,
305–319.
Reynolds, C.S., 2006. Ecology of Phytoplankton (Ecology, Biodiver-
sity and Conservation). Cambridge University Press, Cambridge.
Saifullah, A.S.M., Hena, M.K.A., Idris, M.H., Halimah, A.R., Johan,
I., 2014. Diversity of phytoplankton from mangrove Estuaries of
Sarawak, Malaysia. World Appl. Sci. J. 31, 915–924.Sarode, P.T., Kamat, N.D., 1984. Freshwater Diatoms of Maharash-
tra. Saikripa Prakashan, Aurangabad, India, pp. 1–338.
Sharma, A., Sharma, R.C., Anthwal, A., 2007. Monitoring phyto-
plankton diversity in the hill stream Chandrabhaga in Garhwal
Himalayas. Life Sci. J. 4, 80–84.
Sharma, C., Jindal, R., Singh, U.B., Ahluwalia, A.S., Thakur, R.K.,
2013. Population dynamics and species diversity of plankton in
relation to hydrobiological characteristics of river Sutlej, Punjab
India. Ecol. Environ. Conserv. 19, 717–724.
Sharma, R.C., 2014. Biodiversity of upper Ganges: status, stresses and
management. In: Sinha, R.K., Ahmed, B. (Eds.), Rivers for Life –
Proceedings of the International Symposium on River Biodiversity:
Ganges–Brahmaputra–Meghna River System, Ecosystems for Life,
A Bangladesh–India Initiative. IUCN, International Union for
Conservation of Nature, pp. 15–30.
Sharma, R.C., Arambam, R., Sharma, R., 2009. Surveying macro-
invertebrate diversity in Tons River, Doon Valley, India. Environ-
mentalist 29, 241–254.
Sharma, R.K., Rathore, V., 2000. Pollution ecology with reference to
commercially important fisheries prospects in rural-based water
body: the Lake Sarsai Nawar, Etawah (Uttar Pradesh). Pollut. Res.
19, 641–644.
Sibanda, T., Chigor, V.N., Koba, S., Obi, C.L., Okoh, A.I., 2013.
Characterization of the physico-chemical qualities of a typical
rural-based river: ecological and public health implications.
Int. J. Environ. Sci. Technol. http://dx.doi.org/10.1007/s13762-
013-0376-z.
Singh, V.P., 1960. Phytoplankton Ecology of the Inland Waters of
Uttar Pradesh, Proc. Symp Algae. ICAR, New Delhi, pp. 243–271.
Smith, V.H., 1983. Low nitrogen to phosphorous ratio favour
dominance by blue-green algae in lake phytoplankton. Science
221, 669–670.
Stevenson, R.J., Pan, Y., 1999. Assessing environmental conditions in
rivers and streams with diatoms. In: Stoermer, E.F., Smol, J.P.
(Eds.), The Diatoms: Applications for the Environment and Earth
Science. Cambridge University Press, Cambridge, pp. 57–85.
Suresh, B., Manjappa, S., Puttaiah, E.T., 2013. Dynamics of phyto-
plankton succession in Tungabhadra River near Harihar, Kar-
nataka (India). J. Microbiol. Antimicrob. 5 (7), 65–71.
Tas, B., Gonulol, A., 2007. An ecological and taxonomic study on
phytoplankton of a shallow lake, Turkey. J. Environ. Biol. 28, 439–
445.
Tiwari, A., Chauhan, S.V.S., 2006. Seasonal phytoplanktonic diversity
of Kitham Lake, Agra. J. Environ. Biol. 27, 35–38.
Todd, L.P., 1995. Changes in biological characteristics of Daphnia
magna from chronic action of copper and nickel at low concen-
trations. Hydrobiol. J. 5, 59–62.
USEPA (United States Environmental Protection Agency), 2000.
Newport Bay Toxics TMDL Freshwater Flow and Seasonal
Variation. Technical Support Document, Part B, pp. 1–6.
Ward, H.B., Whipple, G.C., 1992. Freshwater biology. In: Edmond-
son, W.T. (Ed.), second ed. John Wiley & Sons, Inc., New York,
pp. 1–1248.
Wetzel, R.G., 1983. Limnology. Saunders Publishers, Philadelphia, pp.
1–650.
Wetzel, R.G., Likens, G.E., 1991. Limnological Analyses, second ed.
Springer, New York, pp. 1–175.
Waylett, A.J., Hutchins, M.G., Johnson, A.C., Bowes, M.J., Loewen-
thal, M., 2013. Physic-chemical factors alone cannot simulate
phytoplankton behaviour in a lowland river. J. Hydrol. 497, 223–
333.
Whitton, B.A., 1975. River Ecology. Volume 2 of Studies in Ecology.
University of California Press, pp. 1–725.
